Introduction: P21ras, the translation product of the most commonly mutated oncogene known, is a small guanine nucleotide exchange protein. Oxidant-induced posttranslational modifications of p21ras including S-nitrosation and S-glutathiolation have been demonstrated to modulate its activity. Structural characterization of this protein is critical to further understanding the biological functions of p21ras. For peroxynitritetreated p21ras, five oxidized methionines, five nitrated tyrosines, and at least two oxidized cysteines (including C118) were identified by "bottom-up" analysis with high resolution and high mass accuracy FTMS and the major oxidative modification of C118, Cys 118 -SO 3 H, was confirmed by several tandem mass spectrometry experiments. Additionally, "top-down" analysis was conducted on p21ras S-glutathiolated by oxidized glutathione, and, identified C118 as the major site of glutathiolation among the four surface cysteines.
Results: Peroxynitrite-treated p21ras: Due to the complex and heterogeneous oxidative modifications on p21ras, the top-down analysis proved difficult to perform. Thus, the bottom-up method was utilized to map the oxidative post-translational modifications on this sample. Fortunately, 100% sequence coverage was obtained. After internal calibration, most of the errors between experimental and theoretical mass of these peptides are within 2 ppm. Five methionines (M1, M67, M72, M111, M182) were oxidized and five tyrosines (Y4, Y40, Y96, Y137, Y157) were nitrated. Cys118, which resides in the GTP binding site, was oxidized. Cys118 sulfenic acid, sulfinic acid, sulfonic acid, and S-nitrosothiol were all observed though those with sulfenic acid, sulfinic acid and nitrosothiol modifications were very low abundance. At least one of the three terminal cysteines (Cys 181, Cys184, and Cys186) was oxidized into Cys-SO 3 H. Peaks corresponding to two and three terminal cysteines with sulfonic modifications were also detected, but they were much lower intensity than the one with only one sulfonic modification. The methionine and cysteine modifications on peptide 103-123 were confirmed by both low energy CAD and ECD. S-Glutathiolated p21ras. At least three groups of charge state distributions were observed in Sglutathiolated p21ras ESI spectrum and the most intensive one indicated one glutathione addition and the other two indicated two and three glutathione additions compared to the unmodified p21ras. Bottom-up analysis showed all the cysteines were glutathiolated, although some of them maybe formed by exchange of disulfide bonds between GSSG and p21ras protein/tryptic peptides. It is impossible to determine which cysteine is the major site of glutathiolation, this difficulty was solved with top-down analysis of the major glutathiolated p21ras. Thirty-two cleavages in CAD, 46 cleavages in ECD, and 4 complementary pairs (100% sequence coverage) were obtained in the top-down analysis and C118 was revealed to be the major glutathiolated cysteine. This study combined bottom-up and top-down mass spectrometry methods on a recently developed FTMS instrument to study the post-translational modifications on the p21ras. Peroxynitrite-treated p21ras included multiple complex modifications that, despite their complexity, were analyzed using a bottom up MS/MS approach. Also, from top-down analysis, Cys-118 is identified as the major glutathiolated cysteine on p21ras. This study provides a paradigm for an effective and efficient method for mapping the post-translational modifications of proteins. With appropriate software and search engines, this method also can be used to identify unknown proteins and peptides. Figure 3: Summary of oxidative post-translational modifications on H-p21ras.
